COVER STORY

BUILD A

Low-Cost Counting Unit

YOU CAN ASSEMBLE TRUE DIGITAL READOUT

AT $12 PER DECADE

BY DON LANCASTER

FROM THE EDITOR

This may well be the most impoitant construction
project to be published in POPULAR ELECTRONICS
in 1968. The DCU (‘““Decimal Counting Unit”’) will
open the door to a whole new era of project building.
Because of its low cost. easy construction, and use
of readily available components, Don Lancaster’s
DCU will encourage the development of unusual
Science Fair projects, versatile test equipment, add-
ing machines, computers, etc. The bottleneck of
obtaining a low-cost readout has been broken.

OLIVER P. FERRELL

February, 1968

D IRECT, unambiguous numerical read-
out at jow cost—the dream of most
electronics experimenters. technicians,
and engineers-—is now made possible by
inexpensive integrated circuits and a few
seldom-used circuit tricks. For just $12
per decade fotul cost, you can have a
complete, resettable decimal counter with
a bright staggered-line 0 to 9 incandes-
cent readout, good from one count per
day to 10 MHz.

You can cascade as many of these de-
cades together as you need for almost
any digital display. Using these decimal
counters, PorPULAR ELECTRONICS will, in
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with circles represent multiple input gates.

Fig. 1. In IC1 and IC2. the rectangles represent flip-flops while in IC3 and {C4, the triangles

L
GROUND COUNT CARRY

Logic symbols replace complicated circuitry.

future issues, show how you can make a
digital voltmeter, digital stopwatch, digi-
tal multimeter, and a universal frequency
counter.

You’'ll be able to create an adding ma-
chine, a ballistic-velocity meter, or an
event counter. And the list does not end
there. Using this low-cost DCU, you can
also make digital thermometers, elec-
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tronic clocks, engine tachometers, direct-
reading CB crystal (or other frequency)
crystal checkers, photographic shutter
checkers—and even a digital computer.

The basic decimal counter, whose sche-
matic is shown in Fig. 1, uses four IC’s,
six resistors, seven transistors, and 10
incandescent bulbs. If desired, a complete
decade kit is available (see Parts List).

POPULAR ELECTRONICS



PARTS LIST

11-110—6.5-walt, 50-m.A pilot lamp aund lcus as-
sembly (Southiwest Techiical Products 70-6.3,
or similar)*

ICIIC2— ) C790P dual JN flip-flop intcgrated
circuit*®

JC3—MCT724P gqued tico-inpui-gale integratcd
CircHit**

ICA—)MIC713P dual threc-input-gate intcgraicd
cirenit**

Q1.02—2X4402 transistor®*

(03.04,05,06,07——111S2923 transistor®*

RI.R2—33-0hm, 1-wall resistor

R3,R4---470-ahm, 14-catl resistor

R3,R6—350-0km. Yyvall resistor

I—37 x 3147 1°C board*

Misco—Alnminum  brocket—(sce Fig. 5); pop
rivets (2); =24 wirc jumpers (8); PC ter-
minals (6); ¥1”-high instant transfer numer-
afs, black; soldcr, cte.

*The following parts are available front Senth-
west Tcchunicol Products Corp., 219 1V, Rhap-
snd). San :Antanio. Tcxas 78216: ctclied and
dritled PC board =148, $3.00; sct of 10 lamps
with plastic covers and spare buld, $2.75; com-
plete kit of all parts, $12.00, pasipaid in U.S...

**fcailable jrom Mtied Elccironics, 100 N,
Western Ave.. Chicago, 11, 60680. When order-
ing IC’s, speciiy as follows: SE26-(1C type sim-
ber) - MOT. Example: 1C1.1C2 should be speci-
fied as  35E26-JIC790P-)@T. Priccs are:
MC790P, $§2 caelhr; MC724P, $§1.08 cach;
MCT715FP, S1 each. Transistors 2XN94402 and
MPS2923 are 82 and 13 cents cach, respeetively.
Data sheets and disteibutor lists on all of thc
above are available frow the maunfacturcr, Mo-
torola Semicenductor, Box 255, Phoenix, Arisouc
8§5001.

Construction. An actual-size printed
circuit board appears in Fig. 2, while
Fig. 3 shows how the board is drilled,
and also indicates the positions for in-
serting the eight jumpers required. These
jumpers are made from 224 solid wire
and are added on the component side of
the board.

When mounting the components (as
shown in Fig. 4). be sure to observe the
polarities for all semiconductors—making
doubly sure that the IC's are mounted as
indicated. Particularly note that the code
notch and dot of /C1 and /C2 point in the
opposite direction from those of /C3 and
1C}%; this orientation is critical. Use a
low-wattage soldering iron and fine sol-
der to make all connections.

The readout lamp display bracket is
cut and bent out of '42” aluminum fol-
lowing the layout in Fig. 5. Two pop riv-
ets secure the lamp bracket to the board.
The indicator lamps press-fit into the
holes in the bracket, through the front,
and are secured by the wedging action of
the plastic lens caps. Each pair of bulb
leads is soldered to the respective PC
board terminals. Bulb marking (0
through 9) is done with “” black in-
stant transfer numerals, which are ap-
plied to the plastic lens cap, then coated
with a clear acrylic spray.

Fig. 2. Because of the complex
wiring involved, it is afmost
mandatory that a printed cir-
cuit board, such as the one
shown here actual size, be used.
An etched and drilled board is
available {see the Parts List).

February, 1948
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HOW IT WORKS

Where mnost divide-by-ten circuits use a rela-
lively complex, multi-transister arrangement of
decoder kutes and readout drivers, the decimal
counter described in thiz article hirst divides by
twe. and then LY fize tu produce a Giguinary
counter. Such ant arrangement i considerilily
simpler than the conventiunal decimal counter in
that it reyuires three less transistors and seven
less decoding gates to hroduce the same resuits,

The input pulse train ds fed to a divide-Ly-two
counter {part of £C!), a canventloral Bip-flop
which chanyres state with cach pulse input, One
state oi the input divided-by-two counter wild
indicate an odd number input while the other
state will indicate an even number. The odd-cven
signal is processtd by a section of SO and used
to switch transistors 7 and (2 so that on ¢ven
nitmbers the “Even Bus” will be supplied with
power. and on the odd numbers the ~@dd Bu
is powerctl. The schumatic of the complete deci-
mal counter shows hew the indicatink bulbs arc
connectedl in pairs o the odd and even buses.
Each pair of bwbs is cnnnected to wround
through a trausistor switch (3 through 07)
which #s open when not encrgized, and closed
when encrgized.

After division by Lwa. the input pulses are fed
to the divide-by-five comnter. consisting of the
remiaining part of /C7 and all of 7C2. ‘This
counter decides whether the input signal is O or
1.2 0r 3,4 0r 5.60r 5. S or 9—-and its selected
output signals are proceseed by deceder /¢S and
the remainder of fC-t. The output signal irom e

decoder will energize the apgpropriate Lransistor
switch. effectively closing it and allowing cur-
rent o flow irom the selected odd or even bus,
throuzh one bulb and through™ the tramsistor
switch to ground, illuminating the pertinent bulb.

For example, assunte the count has reached the
number 7. The divide-by-two coumter has de-
termined that it is an odd number and has ener-
gizetl the ndd bLus, The divide-by-tive counter
decoder bas determined that this pulse is either
6 or 7. and cuergized twmnsistor Q6. Under those
conditions, bulb 7 is the oaly bulb ilinminated.

In uctual practice. all the bulbs will glow very
dimly. cven when not ener2ized. dne to “sneak”
paths of series cambinations of “off’" Lulbs.
Halancing resistors 1 and R2 are used Lo aver-
uke the brilliance of cach *oili” bulb to protluce
a uniform, barely visible, buckground glnw.

On cach tenth input pulse, the divide-bs-ten
characteristic of the decimnal connter circuit
causes it to c¥cle to O indication while simul-
tancously providing one output pulse which is
used to start the count on another counter. As-
sume that two decimal cousmers are connected in
cascade and the count is 9. The hrst decimal
counter (indicating “one’s”) displays a 9. while
the second decimal counter (indicating “ten's’)
displays a 0. Whea the count rcaches 10, the
“one’s™ counter cvcles to its O indication, while
the “ten’s” counter receives one pulse to display
a L. The overall illuminated readout is then 10,
Still another decimal! connter can be connected to
the “ten’s’” counter *“Carry” output to provide a
“hundrad’s” column, which will start indiciting
when the total count exceeds 99. And so on,

Although what appear to be six mechanical switches
are shown here, actually they represent high.speed
transistor switches that are driven by the electronic cir-
cuits shown connected to them by the six dashed lines.
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178" HOLES (2) TO.
MATCH BRACKET

#60 DRILL (24)
(INCLUDES RI & R2) 7

#24 WIRE JUMPERS ON
COMPONENT SIDE (8)
/FOSITION EXACTLY AS SHOWN
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fig. 3. Driilling details for the board. Don't for-
get to include the eight insulated wire jumpers.

The PC board with all of the components installed.

Power Supply. There are three power
supply connections to be made to the
decimal counter: “-- -}-” requires 5.5 to
7.5 volts at 300 mA; “+" requires 3.6
volts at 100 mA (with less than 0.7.volt
peak-to-peak ripple), while “GND” is the
common supply return. The power sup-
ply shown in Fig. 6 will power up to
three decimal counters.

In constructing the power supply, don't
skimp on the value of C2 or the resultant

,9/32"0RILL (I0)
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Fig. 4. Placement of the components on the board.
Note that all IC's are notch- and dot-identified.

a.c. ripple may be too great. All power
supply leads must be of heavy-gauge
wire.

Operation. There are three signal con-
nections to be made to the decimal count-
er—“Count” input, “Reset” input, and
“Carry” output. The “Count” input will
advance the decade counter one count
each time the input signal abruptly drops
from +3 volts to ground. However, it is
important that all input signals be prop-
erly conditioned to insure that they are
noise-free and drop abruptly once and
only once per count cycle. Failure to do
this will result in erratic counting.

There are several ways to make a
“bounceless” input signal. If you want to
use an s.p.d.t. push button, use the set-
reset conditioning flip-flop in Fig. 7(a).
If you want to use an s.p.s.t. ‘“make”
contact, use the monostable circuit in
Fig. 7(b). This conditioning is manda-
tory for any mechanical contact.

Clean sine or square waves from 100
kHz to 10 MHz can be directly applied to

PILOTS PRESS FIT
IN PLACE; ARE HELD
BY WEDGING ACTION

OF BuLB

PRESS INSTANT
TRANSFER NUMERALS
IN PLACE{PROTECT
WITH ACRYLIC SPRAY

COMPONENT
SIDE

—-] L—!"G!"CLC!R&CE FOR
POP RIVET ADJACENT DECADE

Fig. 5. Drilling details for the l|amp bracket are

shown at the left. The bracket is secured to the
printed board and bulbs inserted as shown above.
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ADO A THIRO SERIES BIODE
WHEN TESTING A SINGLE MOOULE

C.
18,0008

Fig. 6. This recommended power supply will handle
up to three decimal counter modules simultaneously.

POWER SUPPLY PARTS LIST

C1,C2—15,000-4F, 10-veli clectrolytic capaci-
tor (Spragne 183G010.5C or similar}

C3,C4-—V.1-ul capacitor

D1.D2—INK001 diade

RECT—1%-umperc fullicave bridge rectifier as-
semdbly (Aotorole JDAS2-4, or simitar)

T1—Filament transformer: primary, 117 wolts
a.c.; secondary, 6.3 volts a.c.; 1Y amperes
{ Allied Electronics 54 E 1419, or similar)

Fig. 7. Pin 8 of the L3914 is identified by a dot.
The MC789P is identified by a notch and dot code.

the decimal counter “Count” input with-
out conditioning. Slower signals must be
squared up using either the hex inverter
squaring circuit in Fig. T(c), or the
Schmitt trigger of Fig. 7(d). Either of
the latter two circuits work well with 3
to 5 volts of peak-to-peak input signat.
The Schmitt trigger can also be gated by
holding its *“Gate’ input at ground when
“Count” signals are to be passed, or at
+ 3 volts or so when ‘“Count” signals are
not to be passed.

The decimal counter ‘Reset” input is
normally grounded. It will automatically
return the counter to its “0’ condition
any time this input is connected to a +3
volt source. The ‘“Reset” push button
need not be made “bounceless."”

The “Carry"” output is used when two
counters are cascaded by directly con-
necting the “Carry"” output of the first
unit to the “Count” input of the second.
The second counter will register ‘‘ten’s,”
a third counter will register ‘“hundred’s,"”
and so on. 30—
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10) SCHMITT TRIGGER INPUT SQUARING CIRCUIT
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